The effectiveness of carbohydrase enzymes has been inconsistent in corn-based swine diets; however, the increased substrate of nonstarch polysaccharides in drought-affected corn may provide an economic model for enzyme inclusion, but this has not been evaluated. A total of 360 barrows (PIC 1050 × 337, initially 5.85 kg BW) were used to determine the effects of drought-affected corn inclusion with or without supplementation of commercial carbohydrases on growth performance and nutrient digestibility of nursery pigs. Initially, 34 corn samples were collected to find representatives of normal and drought-affected corn. The lot selected to represent the normal corn had a test weight of 719.4 kg/m 3 , 15.0% moisture, and 4.2% xylan. The lot selected to represent drought-affected corn had a test weight of 698.8 kg/m 3 , 14.3% moisture, and 4.7% xylan. After a 10-d acclimation period postweaning, nursery pigs were randomly allotted to 1 of 8 dietary treatments in a completely randomized design. Treatments were arranged in a 2 × 4 factorial with main effects of corn (normal vs. drought affected) and enzyme inclusion (none vs. 100 mg/kg Enzyme A vs. 250 mg/kg Enzyme B vs. 100 mg/kg Enzyme A + 250 mg/kg Enzyme B). Both enzymes were includ-
INTRODUCTION
Drought conditions are known to reduce cereal grain yields, lower energy density, and affect animal growth performance. During severe drought, cereal grains generally have fewer and smaller kernels due to reduced endosperm accretion (Zinselmeier et al., 1999) . Kernel number is the leading factor ed blends of β-glucanase, cellulose, and xylanase (Enzyme A) or hemicellulase and pectinases (Enzyme B). Pigs were fed treatment diets from d 10 to 35 postweaning in 2 phases. Feed and fecal samples were collected on d 30 postweaning to determine apparent total tract digestibility of nutrients. The nutrient concentrations of normal and drought-affected corn were similar, which resulted in few treatment or main effects differences of corn type or enzyme inclusion. No interactions were observed (P > 0.10) between corn source and enzyme inclusion. Overall (d 10 to 35), treatments had no effect on ADG or ADFI, but enzyme A inclusion tended to improve (P < 0.10; 0.74 vs. 0.69) G:F, which was primarily driven by the improved feed efficiency (0.76 vs. 0.72; P < 0.05) of pigs fed Enzyme A in Phase 2 (d 10 to 25 postweaning) and was likely a result of improved xylan utilization. In conclusion, drought stress did not alter the nonstarch polysaccharide concentration of corn beyond xylan concentration, so it was not surprising that enzyme inclusion showed little benefit to nursery pig growth performance. However, improved feed efficiency of pigs fed diets containing Enzyme A from d 10 to 25 postweaning warrants further investigation.
influencing yield, whereas kernel size is more likely to influence test weight (Andrade et al., 2002) . Kernel number is determined by pollination (Andrade et al., 2002) . If drought stress occurs shortly after pollination, embryos form but are then aborted, greatly reducing kernel number and, subsequently, crop yield (Zinselmeier et al., 1999) . Meanwhile, drought conditions during kernel development lead to light kernel weights (Çakir, 2004) . Moisture restriction reduces endosperm production, thus potentially altering the endosperm:pericarp ratio. Because the pericarp portion of cereal grains is high in fiber, this ratio alteration may change the nutrient composition of the individual kernel to be higher in fiber components, such as nonstarch polysaccharides.
Carbohydrase enzymes may increase the nutrient availability of carbohydrates bound in nonstarch polysaccharide fractions (Jones et al., 2010) . Commercially available carbohydrase enzymes have been developed and are most effective in diets that contain ingredients with higher nonstarch polysaccharide concentrations than would be found in corn (Omogbenigun et al., 2004) . The effectiveness of commercial carbohydrase enzymes has been inconsistent in corn-soybean mealbased swine diets; however, the increased substrate of nonstarch polysaccharides in drought-affected corn may provide an economic model for enzyme inclusion (Dänicke et al., 1999) . The objective of this research was to determine the effects of drought-affected corn inclusion with or without supplementation of commercial carbohydrases on growth performance and nutrient digestibility of nursery pigs.
MATERIALS AND METHODS
The Kansas State University Institutional Animal Care and Use Committee approved the protocols used in this experiment. The study was conducted at the Kansas State University Segregated Early Weaning Facility in Manhattan.
Grain Composition and Diet Manufacturing
Initially, 34 corn samples were collected and analyzed to select 2 corn sources representing "normal" and "drought affected" for use in diet manufacturing. The corn selected to represent normal corn had a test weight of 719.4 kg/m 3 and 15.0% moisture and contained 0.77% β-glucan, 4.2% xylan, 2.5% cellulose, and 7.8% hemicellulose ( Table 1 ). The normal corn was grown in an area that received 83.5% of the average rainfall for the area and average soil moisture (30 cm; National Oceanic and Atmospheric Administration, 2012a). The corn selected to represent drought-affected corn had a 7 Analyzed according to Holst (1973) .
test weight of 698.8 kg/m 3 , 14.3% moisture, and 0.83% β-glucan, 4.7% xylan, 2.5% cellulose, and 7.6% hemicellulose. The drought-affected corn was grown in an area that received 58.0% of average rainfall and had below-average soil moisture (7.9 in.; National Oceanic and Atmospheric Administration, 2012b). Both corn samples were yellow dent U.S. number 2 and graded according to the Official United States Standards for Grain by the Federal Grain Inspection Service .
Grains were ground in a hammer mill to a common particle size and similar SD and used to manufacture 2 phases of nursery pig diet. These were phase 2 and 3 of a 3-phase nursery feeding program; phase 1 was fed as a common diet during the acclimation period. Within phase, all diets were manufactured from the same formulation, with grain type given equal nutritive value and enzymes included in place of grain (Table 2 ). The 8 dietary treatments were fed in meal form and arranged in a 2 × 4 factorial with main effects of corn (normal vs. drought affected) and enzyme inclusion (none vs. 100 mg/kg Enzyme A vs. 250 mg/ kg Enzyme B vs. 100 mg/kg Enzyme A + 250 mg/ kg Enzyme B). Both enzymes were commercial nonstarch polysaccharide enzymes that included blends of 70 units/kg complete feed β-glucanase; 80 units/ kg complete feed cellulose and 270 units/kg complete feed xylanase (Enzyme A) or 50 fungal β-glucanase units/g complete feed; 15,000 units/g complete feed hemicellulase; and 3,000 units/g complete feed pectinase (Enzyme B). Enzyme A was Roxazyme G2G and Enzyme B was Ronozyme VP, both marketed by DSM Nutritional Products (Parsippany, NJ).
Diets included 0.4% titanium dioxide as an indigestible marker and were also analyzed for proximate analysis and carbohydrate composition (Table 3) .
Pigs and Housing
A total of 360 barrows (PIC 1050 × 337, initially 5.85 kg and 21 d of age) were used in a 25-d growth and nutrient digestibility experiment. Pigs were allotted to pens at weaning (d 0) and were acclimated to a common phase 1 diet for 10 d. On d 10 after placement, pigs were weighed and pens of pigs were randomly allotted to 1 of 8 dietary treatments in a completely randomized design. There were 5 pigs per pen (1.5 by 1.5 m) and 9 pens per treatment. Pigs were provided unlimited access to feed and water through a 4-hole dry self-feeder and cup waterer. Samples were stored at -20°C, oven-dried, ground through a 0.5-mm screen, and analyzed for DM, ash, CP, crude fat, crude fiber, and titanium concentration. (AOAC, 2007) and NDF was determined according to Holst (1973) . Cellulose and lignin were determined according to method 973.18 and β-glucan was determined according to method 995.16 (AOAC, 2007) . Xylan concentration was determined according to Hudson et al. (1982) . Titanium was analyzed according to Leone (1973) . All chemical analyses were performed in duplicate and repeated when intraduplicate CV exceeded 1%. Dry matter and apparent total tract digestibility of nutrients were calculated as explained by Lewis et al. (2015) .
Statistical Analysis
Data were analyzed using the GLIMMIX procedure of SAS 9.3 (SAS Inst. Inc., Cary, NC) with the main effects serving as fixed effects. There were no random effects. All interactions were insignificant (P > 0.24) and therefore removed from the model. Preplanned orthogonal contrasts included enzyme vs. no enzyme inclusion (regardless of enzyme type 
RESULTS AND DISCUSSION
Phase 2 nutrient concentrations for total starch among the 8 dietary treatments ranged from 34.8 to 41.1%, cellulose ranged from 2.6 to 3.1%, xylan ranged from 27.5 to 32.2%, and β-glucan ranged from 0.42 to 0.50%. Xylan concentration was numerically greater in diets containing drought-affected corn, which was expected given that normal corn had a xylan concentration of 4.2% compared to 4.7% xylan concentration in drought-affected corn. Bach Knudsen (1997) reported that corn and soybean would have an expected xylan concentration of 42 and 17 g/kg, respectively, which is similar to our values for normal corn. No other patterns were apparent when comparing diets manufactured from normal vs. drought-affected corn. Phase 3 nutrient concentrations for total starch among the 8 dietary treatments ranged from 40.2 to 46.9%, cellulose ranged from 2.9 to 3.5%, xylan ranged from 30.4 to 35.5.%, and β-glucan ranged from 0.49 to 0.58%. Again, no patterns were apparent when comparing diets manufactured from normal vs. drought-affected corn except for the differences in xylan concentration. The similarities in carbohydrate analyses between the normal and drought-affected corn sources were surprising, particularly considering the extreme differences in yield between the droughtaffected and normal corn sources. Although some nutrients from drought-affected corn were altered, most notably CP and starch, other nutrient concentrations representing the nonstarch polysaccharide fraction remained largely unaffected. The combined knowledge of yield and average soil moisture concentrations confirms that the drought-affected corn source was subjected to water stress. Drought stress that occurs during fertilization can lead to embryo abortion, thus reducing kernel number (Çakir, 2004; Grant et al., 1989) . However, similarities in nutrient composition suggest that water stress occurred before or during silking, thus affecting yield by decreasing kernel number and not necessarily kernel development. Water stress during the kernel development phase may have been insufficient to interfere with endosperm accretion or affect the endosperm:pericarp ratio. The similarities in nonstarch polysaccharide concentrations between the 2 corn sources also led to similar concentrations across all 8 dietary treatments.
Corn type (normal vs. drought affected) did not affect final BW, ADG, ADFI, or G:F in either phase or overall (P > 0.10; Table 4 ). Similarly, corn type did not affect the apparent total tract digestibility of DM, ash, CP, or crude fat (P > 0.10), but pigs fed diets manufactured from normal corn had greater (P < 0.05) apparent total tract digestibility of crude fiber than those fed diets manufactured from drought-affected corn, which may be attributed to greater xylan concentration in drought-affected corn.
Because there appeared to be few other differences in nonstarch polysaccharide substrates among corn types or diets, it was not surprising that enzyme inclusion did not affect pig final BW, ADG, or ADFI (P > 0.10). Enzyme inclusion did not affect (P > 0.10) G:F from d 10 to 25 or d 25 to 35 but tended to affect (P < 0.10) G:F overall, with the greatest feed efficiency in pigs fed diets with Enzyme A. Enzyme inclusion did not affect the apparent total tract digestibility of DM, crude fat, or crude fiber (P > 0.10), but it affected the apparent total tract digestibility of ash (P < 0.05). Nonstarch polysaccharides are known to affect mineral digestibility in vitro, and hemicellulose in particular has been shown to bind to essential minerals, such as calcium, magnesium, and manganese (Mod et al., 1982) . However, others argue that nonstarch polysaccharides have a minimal effect on mineral utilization in swine (Kornegay and Moore, 1986; Kerr and Shurson, 2013) . Interestingly, the increase in ash digestibility was driven by the inclusion of Enzyme A, where its inclusion alone or in combination with Enzyme B increased ash digestibility compared to diets without enzyme (P < 0.05). Meanwhile, supplementing diets with Enzyme B, which contained hemicellulase, resulted in similar ash digestibility as those diets without enzyme inclusion (P > 0.10). One would expect that enzyme inclusion would lead to improved N digestibility because nonstarch polysaccharides increase endogenous N secretion and therefore excretion of bacterial N (Borel et al., 1989; Kerr and Shurson, 2013) . However, Enzyme B supplementation tended to unexplainably decrease CP digestibility compared to diets without enzyme supplementation (P < 0.10). Still, because effects of enzyme inclusion were not observed in growth performance, the consequences of these findings are indeterminate.
Preplanned orthogonal contrasts revealed few effects. The only growth performance effects were that inclusion of Enzyme A tended to improve (P < 0.10) overall ADG and significantly improved (P < 0.05) G:F from d 10 to 25 compared with no enzyme inclusion. Potentially, this may be attributed to improved utilization of xylan within the diet, because xylanase was included in Enzyme A but not in Enzyme B. Others have observed improvements in growth performance and nutrient digestibility when pigs were fed corn-soybean meal-based diets with enzyme blends that included xylanase (Fang et al., 2007; Yi et al., 2013) . Including either Enzyme A or Enzyme B alone improved (P < 0.05) apparent total tract digestibility of ash compared with no enzyme inclusion, but no other digestibility effects were observed and there were no effects of the enzymes in combination (P > 0.10).
The mode of action of carbohydrase enzymes is not well known and is inconsistent (Bedford, 2000) . Carbohydrase enzymes seem to be most effective in swine diets formulated with higher fiber ingredients, such as wheat distillers dried grains with solubles, barley, rye, or wheat (Omogbenigun et al., 2004; Emiola, 2009) . The multienzymes seem less effective when included in diets based on corn and soybean meal or even with corn distillers dried grains with solubles. Jones et al. (2010) found that galactosidase, galactomannanase, β-glucanase, or xylanase supplementation did not improve animal performance when added to corn-soybean meal-based diets containing 30% corn distillers dried grains with solubles. Neither Li et al. (1996) nor Ji et al. (2008) found growth improvement effects in swine from supplementing diets with a β-glucanaseprotease blend, but Ji et al. (2008) did report an increase in DM, CP, crude fiber, crude fat, and ash digestibility. The efficacy of current generation carbohydrase enzymes appears to depend on the amount of available substrates for the enzymes to break down. Fiber substrate composition and concentration likely play a role in carbohydrase enzyme efficacy (Bedford, 2000) . Therefore, a thorough understanding of the kernel composition, including the concentration and ratio of xylans, β-glucans, pectins, cellulose, lignin, and hemicellulose, should be acquired before making the determination to use carbohydrase enzymes in a swine diet.
In summary, nutrient composition and pig growth performance were similar between normal and drought-affected corn. Because nonstarch polysaccharide substrates were similar across dietary treatments, it was not surprising that enzyme inclusion showed little benefit to nursery pig growth performance; however, the improved feed efficiency of pigs fed diets containing Enzyme A from d 10 to 25 postweaning 
